Two litres a minute seemed to quieten his breathing down, and I think it did him a lot of good. I gave it at about half-hourly periods, and as the night wore on I got down to twenty-minute periods, then to a quarter of an hour in the hour, and that kept him all right: he got off to sleep, and next morning he was very much better. Though it is impossible to get any evidence as to how he would have fared in the absence of oxygen, I feel it is probable he was actually saved by the treatment. The Cheyne-Stokes respiration ceased directly he had the oxygen. He was not having a much greater strength of oxygen than there is in normal air, but it was enough for the purpose; it would work out at about 30 to 40 per cent. oxygen in the air breathed through the apparatus.
Dr. FRANK SHUFFLEBOTHAM.
At this point of the discussion I do not propose to say what I had originally intended to bring before the meeting as I feel I ought to try to crystallize my remarks in the tersest possible way. I have been invited to take part in this discussion because of the work which has been done on oxygen research under the auspices of Sir Walter Fletcher and the Medical Research Committee at the North Staffordshire Infirmary, Stoke-on-Trent.
The early results of the treatment of gas-poisoning cases by the continuous inhalation of oxygen which was carried out at the Phvsiological Laboratory, Cambridge, under the direction of Mr. Barcroft in 1917, showed such possibilities that experimental research on a larger scale was commenced at the North Staffordshire Infirmary, where two oxygen wards containing four beds were installed. Great difficulties were experienced in completing this installation owing to shortage of suitable materials as well as to the shortage of labour. The wards were open in October, 1918, and up to the present time over a hundred cases have been admitted. The cases include for the most part those of chronic gas-poisoning, but in addition there have been cases of acute gas-poisoning, pneumonia, carbon-monoxide poisoning and two cases of pernicious anEemia.
The model which is shown on the table in front of me gives some idea of the structure of the chambers, and the photographs show that these oxygen wards are furnished in the same way as ordinary wards and are just as comfortable. The short desoription of each photograph makes it sufficiently clear how the wards are constructed and equipped, and the plan gives some idea as to the arrangement of these wards.
Very shortly an extended report of this work will be published by the Medical Research Committee1 and from this report it will be seen that the results of the work carried out at Stoke-on-Trent may be viewed most favourably. The patients suffering from chronic gaspoisoning derived great benefit from a course of this treatment in the general state of their health and in many instances symptoms of long standing such as cough, shortness of breath, expectoration, asthma, and irregular action of the heart became less severe in nature and frequently disappeared. The physical conditions of the lungs and heart also undergo a considerable improvement.
The technical details connected with the construction and the working arrangements of this chamber are of the greatest importance and I venture to give a quotation from the report to the Medical Research Committee as follows:
The research wards occupy the whole of the third story of a ward'which is detached from the main block of hospital buildings. These wards consist of two small oxygen wards and a wide corridor with suitable lavatory accommodation, all of which are shown in the plan. The cubic capacity of Ward I is 709 cubic ft., and that of Ward II, 858 cubic ft.
The iron screens which separate the chambers from the corridor, and from one side of each ward, are made with sheet steel at the bottom and plate glass above, the latter being fixed in steel frames.
The windows are double, the outside ones consisting of ordinary wood sashes and the inner ones of iron frames with an air-tight casement, the top of which can be opened by unscrewing the bolts which are attached to the frames.
The doors giving access to the rooms are double, forming a vestibule, as shown in the plans and photographs, and each door is opened by three sets of iron levers. These doors are constructed of iron and are made air-tight by rubber joints and are hung in iron frames. On entering the chamber one opens the outer door by means of the levers and closes it again before opening the inner door. The cubic capacity of the vestibule in each case is 53 cubic ft.
The food doors, which are 18 in. by 12 in., are double and are constructed in exactly the same way as the doors for entering the chambers. An iron shelf is fitted over them for putting articles on while opening and closing the doors. The cubic capacity of the space between the outer and inner food doors is 1'4 cubic feet for each ward.
On the outside of the screen-that is t.o say, in the corridor-at the foot of the glazed part of the screen, is a wooden shelf which is specially constructed so that the Haldane air analysis apparatus can travel along and the same apparatus be used for both wards.
The walls and ceilings of the chambers are plastered and have coves at the ceiling and next to the floor in the usual way, and the floor is made of jointless material which has been made and laid on the old bordered floor of the ward. The walls and ceilings are well painted with ripolin, a well-known enamel paint. A mezzanine floor, which is shown inl the plan, has been put down to carry the gas bag.
The oxygen cylinders are kept on the ground floor, as indicated in the photographs.
The wards contain the ordinary ward furniture and each ward contains two beds.
In the corridor there are the scrubbers for purifying the atmosphere of the chambers by the absorption of: (1) Carbon dioxide.
(2) Excess of moisture in the atmosphere. (3) Other impurities of respiration, such as small quantities of sulphuretted hydrogen, fatty acids from the skin, &c.
The carbon dioxide is removed by means of a scrubber which contains three trays placed one above the other, each tray containing 38 lb. of fresh burnt lime with 10 per cent. solution of caustic soda, and there is a fourth tray which is placed on the top of the scrubber containing a solution of 5 per cent. potassium permanganate and 5 per cent. solution of caustic soda. The second scrubber is for the purpose of withdrawing an excess of moisture from the atmosphere, and it consists of two trays. In the bottom tray is placed i cwt. of calcium chloride and in the top I cwt. of sterilized charcoal. It is understood that in the first scrubber the potassium permanganate is used for the purpose of extracting from the impure atmosphere any traces there may be of sulphuretted hydrogen, the fatty acids of the skin, or other bodies.
The temperature of the chambers is regulated by means of a large coil contained in a tank and surrounded by a wooden encasement. This apparatus ig described as a cooler on the plan. The circulation of the atmosphere throughout the chambers is carried out by means of a rotary pump, which is also shown on the plan. The oxygen is transmitted from the cylinders, which are placed on the ground floor, by means of a pipe to the top floor of the building and passed into the chambers by means of a reducing valve. The circulation of gas through the chambers is shown and also the connexion between the chambers and the gas bag, which has been devised in order to effect an economy in oxygen consumption.
The estimation of the amount of oxygen and carbon dioxide is carried out by the Haldane apparatus; and in the latter case a special apparatus has been devised by Messrs. Siebe, Gorman and Co., Ltd., with a view of more accurately determining the percentage of carbon dioxide in the atmosphere of the chambers.
The following points are of interest in the practical working of the chambers:
(1) It has now been found that in the working of Ward I, with its cubic capacity of 709 cubic ft., after the chamber has been filled that only from 65 to 75 cubic ft. of oxygen are required each day to maintain the percentage of oxygen at between 45 and 50, and with regard to Ward II, with a cubic capacity of 858 cubic ft., that from 80 to 90 cubic ft. of oxygen are required daily for two patients in order to keep the atmosphere at the same percentage which is mentioned in connexion with Ward I.
(2) With regard to the carbon dioxide scrubber, it is necessary after five days to dampen the lime with 10 per cent. of caustic soda solution, and the soda lime should be renewed after ten days' working.
(3) The potassium permanganate solution in the top tray of the first scrubber may require replenishing after five days in order to keep the atmosphere of the chamber free from stuffiness.
(4) The water should be drawn off from the second scrubber twice a day, and at the end of every five days calcium chloride should be replenished by adding about 20 lb. From time to time it may be necessary to break up the calcium chloride, which cakes, and to replenish it.
(5) With regard to the charcoal, it has been found necessary to add 30 lb. after each five days' working.
The arrangements which are here described for the circulation through the chambers afford most efficient method of ventilation.
The chambers are illuminated by electric light. Special care has been taken with regard to the wiring and to the fittings for the prevention of fire.
The corridor is heated by electric radiators, and a fire-escape iron ladder has been erected so that in case of fire patients or nurses will be able to escape through the window marked A in Plan I. From time to time it has been necessary to make small improvements in the various parts of the installation, and at the present time further improvements can be made, especially with regard to the potassium permanganate scrubber, upon which Mr. T. R. Parsons, of Sidney Sussex College, Cambridge, is experimenting. In the two cases of pernicious anaemia, and in cases of gaspoisoning in which the patients have had a septic condition of the mouth, the air of the chamber has presented the unmistakable odour due to fatty acids of the skin and to other bodies, and in these instances the potassium permanganate scrubber has entirely failed to remove this unpleasant condition. The atmosphere, however, has been rendered odourless by the use of ozone generated by the Quain ozonizer.
It will be understood from the plans that there is no independent circulation for each chamber; but this alteration I hope will be made very shortly, so that different classes of cases may be treated in each chamber. I do not propose to discuss the physiological questions which have been raised by Mr. Barcroft and Dr. Haldane and I shall leave Dr. Sowry to deal with the clinical aspect of the work which has been carried out at Stoke-on-Trent. All that I will say is this, that Sowry: Therapeutic Uses of Oxygen men who have been unable to work on account of chronic gas-poisoning and other conditions for a considerable period of time have not only improved so much in health that they could return to light labour but in many cases they have been able to go back to their former employment.
Cost of Oxygen Treatment.-There is one aspect of oxygen treatment which has not been touched upon this afternoon and that is the cost. At Stoke-on-Trent, where, I am convinced, the strictest economy has been exercised in regard to the supply of oxygen to the wards consistent with the percentage of oxygen in the atmosphere being in excess of 40 per cent., and also with regard to the materials necessary to keep the scrubbers in a state of purity, and in spite of all efforts to keep down the cost in every direction, it has not been possible to bring down the daily cost per patient to less than £1 3s. 6d., and this estimate does not include any sum which could be put down to capital charges.
When one is dealing with pneumonia, cases which, it is hoped, will benefit largely by treatment in oxygen wards, the cost is such What it is very likely to handicap research in this direction unless money is forthcoming from further grants or from philanthropic sources. The high cost of oxygen is due to the fact that the production of oxygen in this country is in the hands of a monopoly. Dr. Harker, -who has been interested in nitrogen production, has suggested that we might use for this work instead of pure oxygen from the cylinders the bye-product of the air after the nitrogen has been extracted from it, and another suggestion is that liquid air which contains about 60 per cent. of oxygen could be used for these cases. As far as my own observations have gone, I am convinced that there is a great field of usefulness for oxygen treatment as well as a great field for research, and considering the amount of human suffering which may be alleviated by such treatment, it seems almost a scandal that the work should be handicapped because of an oxygen monopoly.
Dr. G. H. SOWRY.
When I was asked by the National Medical Research Committee to take charge of the oxygen chambers at Stoke-on-Trent, I did so with the.utmost diffidence. It is twenty-five years since I left St. Bartholomew's Hospital, and during that time I have not been in touch with experimental physiology and pharmacology, except in so far as those
